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Description 

[0001 ] This invention relates to a method of producing keto acids. 

[0002] Keto acids are useful intermediates for the production of f tuoran compounds used as dyestuffs in pressure- or 
5 heat-sensitive recording. 

[0003] Keto acids have hitherto been produced by the reaction of an N,N-dialky1-m-aminophenol with phthalic anhy- 
dride in a molar ratio of phthalic anhydride to N.N-dialkyl-m-aminophenol of 0.5-2. Both compounds are dissolved in an 
inactive organic solvent such as toluene, xylene or tetrahydrofuran at a temperature of 80-1 50°C. However, the method 
provides a considerable amount of Rhodamines known as red dyes by the reaction of the resultant keto acids with the 
10 N.N-dialkyl-m-aminophenol. This reduces the yield of the keto acids, and makes it difficult to obtain high purity keto 
acids. 

[0004] To solve the above problem, there has been proposed a method in which an aqueous solution of an alkali metal 
hydroxide such as sodium hydroxide is added to the resultant reaction mixture, the reaction mixture is heated to decom- 
pose by-produced Rhodamines to alkali metal salts of the keto acid, the alkali metal salt of the keto acid is crystallized 
15 and then dissolved again in water, and than the salt is neutralized in water to recover the keto acid, as disclosed in JP- 
A-62-70350. However, this method needs many steps, and, in addition, produces a large amount of neutralization waste 
water. 

[0005] DE-A-3,407,369 discloses in Preparation Example 1 a reaction between m-N-n -propyl m ethyl aminophenol and 

phthalic acid in toluene. This reaction is purely carried out in solution. 
20 [0006] DE-A-8,5931 discloses in Example II the condensation of N.N-diethyl-m-aminophenol with phthalic anhydride 

in the presence of 4.54 parts by weight of toluene per part by weight of the N,N-diethyl-m-aminophenol. It is observed 

in the specification that the precipitation of crystals can be used as an indicator of completion of reaction. DE-A-8,5931 

is referenced in GB-A-1 ,306,263 as describing the synthesis of a starting material for f luoran compound synthesis. 

[0007] GB-A-1 ,182,743, which is also directed to fiuoran compound synthesis, also discloses condensation of N.N- 
25 diethyl-m-aminophenoi with phthalic anhydride in toluene to provide a starting material, the toluene being present in 

3.93 parts by weight per part by weight of N,N-diethyl-m-aminophenol. The condensation product is disclosed as being 

gradually crystallised from solution. 

[0008] The present invention seeks to provide a method of producing keto acids of high purity in high yield by the reac- 
tion of an N,N-dialkyl -m-aminophenol with phthalic anhydride while suppressing undesirable by-production of Rhodam- 
30 ines. 

[0009] The present invention provides a method of producing a keto acid of the general formula 



35 




C00H 



40 

wherein R 1 and R 2 independently represent alkyl of 1-6 carbons or cycloalkyl of 4-8 carbons, which comprises reacting 
a m-aminophenol of the general formula 



45 




50 

wherein R 1 and R 2 are as herein defined with phthalic anhydride in the Presence of an organic solvent, the organic sol- 
vent being present in an amount of 0.5-3 parts by weight per one part by weight of the m-aminophenol with the effect 
that the resultant keto acid is deposited in the solvent so that the reaction is effected in a slurry 
[001 0] The m-aminophenol wherein both R 1 and R 2 are alkyls of 1 -6 carbons used in the invention includes, for exam- 
55 pie, N,N-dimethyl-m-aminophenol, N,N,-diethyl-m-aminophenol, N,N-di-n-propyl-m-aminophenol, N.N-di-isopropyl-m- 
aminophenol, N,N-cG-n-butyl-m-aminophenol, N-methyl-N-ethyi-m-aminophenol, N -ethyl -N-isopropyl -m-aminophenol, 
N-ethyl-N-n-butyl-m-aminophenol and N-ethyl-N-isoamyl-m-aminophenol. The m-aminophenol wherein one of R 1 and 
R 2 is cycloalkyl may be exemplified by N-ethyl-N-cyclohexyl -m-aminophenol. 
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[001 1] For the reaction of the m-aminophenol derivative as above mentioned with phthalic anhydride, the latter is usu- 
ally used in an amount of 0.7-2 moles per mole of the m-aminophenol derivative. The reaction is effected in a controlled 
amount of an organic solvent so that the resultant keto acid deposits in the solvent thereby to form a slurry, and the 
reaction is allowed to proceed in such.a slurry. Strictly speaking, the amount of the solvent used is determined so that 
the resultant keto acid deposits in the solvent and thus the reaction proceeds in a slurry of the keto acid in the solvent. 
However, the amount of the solvent is usually in the range of 0.5-3 parts by weight in relation to one part by weight of 
the m-aminophenol derivative used. 

[0012] The organic solvent used includes, for example, an aromatic hydrocarbon of 6-10 carbons such as benzene, 
toluene or xylene, an aliphatic hydrocarbon of 8-1 2 carbons such as octane, isooctane or decane. a halogenated hydro- 
carbon of 2-8 carbons, aliphatic, cydoaliphatic or aromatic, such as perchlene or chlorobenzene. ethers such as tet- 
rahydrofuran, dibutyl ether or diphenyl ether, among which are especially preferred aromatic hydrocarbons or ethers. 
[0013] By way of example, when the reaction of N,N-di-n-butyl-m-aminophenol with phthalic anhydride is carried out 
in an aromatic hydrocarbon such as benzene, toluene or xylene, the preferred amount of the solvent is in the range of 
0.5-2 parts by weight in relation to one part by weight of the N.N-di-n-butyl -m-aminophenol. 

[0014] The reaction is effected at an elevated temperature, preferably at a temperature of 60-120°C for a period of 4- 
40 hours, although the reaction temperature and time are not critical. After the reaction, the reaction mixture is cooled 
usually to normal temperature, preferably to a temperarture of 0-35°C. most preferably to 10-30°C. depending upon the 
solvent used, or a poor solvent such as a saturated hydrocarbon is added to the reaction mixture, to effect primary crys- 
tallization of the resultent keto acid. 

[0015] The resultant crude crystals may then be dissolved under heating in an aliphatic alcohol of 1-4 carbons and 
then secondary crystallization is effected. The secondary crystallization may be effected at the same temperature 
range as the primary crystallization. The secondary crystallization enables a high purity keto acid which contains sub- 
stantially no Rhodamine impurities to be obtained. 

[0016] There may be used as the alcohol for the secondary crystallization solvent, for example, methanol, ethanol. 
propanois such as isopropanol or butanols such as n-butanol. There may also be used a mixture of the alcohol with 
water, or a mixture of the alcohol with a hydrocarbon solvent, preferably an aromatic hydrocarbon of 6-1 0 carbons such 
as toluene or xylene, or an aliphatic hydrocarbon of 5-10 carbons such as pentane, hexane or heptane. 
[0017] The crude crystals may be dissolved in the alcohol under elevated pressure, usually under a pressure of sev- 
eral atmospheric pressures, and then the solution may be cooled to effect the secondary crystallization. 
[0018] Further according to the invention, after the reaction, an aliphatic alcohol of 1 -4 carbons may be added to the 
reaction mixture and then primary crystallization may be effected. The addition of the aliphatic alcohol to the reaction 
mixture enables selective dissolution of Rhodamines so that the slurry is kept in a good state from which the resultant 
crystals can easily be collected by filtration. 

[001 9] As set forth above, the reaction of the m-aminophenol derivative with phthalic anhydride is carried out in a con- 
trolled amount of an organic solvent to allow the resultant keto acid to deposit in the solvent and the reaction to proceed 
in a slurry according to the invention. Thus, the by-production of undesirable Rhodamines is effectively suppressed to 
improve the selectivity of the reaction to the keto acid. In addition, there is obtained a high purity keto acid which con- 
tains substantially no Rhodamine impurities by effecting secondary crystallization of the resultant keto acid out of the 
alcohol. 

[0020] Further according to the invention, the alcohol may be recovered from the the secondary crystallization mother 
liquor, and if necessary, the alcohol is completely removed, to provide a residual solid which contains the keto acid. The 
solid is then dissolved in an inactive organic solvent which can be used as a reaction solvent, the thus obtained solution 
may be added to the reaction mixture, and the mixture is then cooled to effect primary crystallization. This results in a 
remarkable improvement in the yield of the keto acid. 

[0021 ] The amount of undesirable Rhodamines by-produced in the reaction is small according to the invention, and 
thus the ratio of the Rhodamines to the keto acid in the mother liquor after the secondary crystallization is very small. 
Therefore, according to the invention, the solvent in the mother liquor may be exchanged with an organic solvent which 
can be used as a reaction solvent and the resultant solution containing the keto acid can be advantageously used for 
primary crystallization together with the reaction mixture, thereby increasing the yield of the keto acid. 
[0022] The invention will now be described in more detail with in the following Examples. 

Example 1 

[0023] 165 g (1.0 sole) of N.N<liethyl-m-aminophenol, 170.3 g (1.15 mole) of phthalic anhydride and 206 g of xylene 
were placed in a reactor, and stirred for 7 hours at 1 15°C while allowing the resultant keto acid (4-N,N-diethylamino-2- 
hydroxy-2'-carboxybenzophenone) to deposit in the reaction mixture and the reaction to proceed in a slurry. 
[0024] After the reaction, 247 g of xylene were added to the reaction mixture, and the mixture was cooled gradually 
to 20°C so that the keto acid crystalized out. The crystals were collected by filtration and washed with 577 g of n-butanol 
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to provide 303.9 g of crude crystals. 

[0025] 1 486 g of n-butanol was added to the crystals and heated to dissolve the crystals therein, end then the mixture 
was gradually cooled to 20°C. The resultant crystals were collected by filtration and dried to provide 291.9 g of high 
purity keto acid (4-N,N-diethylamino-2-hydroxy-2'-carboxybenzophenone). The amount of Rhodamines in the keto acid 
was found to be not more than 0.1% by liquid chromatographic analysis. The yield was 93.1 mol %. 

Example 2 

[0026] After the reaction, n-butanol was added to the reaction mixture in place of xylene, and otherwise in the same 
manner as in Example 1 , crude crystals were obtained. 

[0027] 1486 g of n-butanol was added to 303.6 g of the crystals and heated to dissolve the crystals therein, and then 
the mixture was gradually cooled to 20°C. The resultant pale yellow crystals were collected by filtration and dried to pro- 
vide 291 .5 g of high purity keto acid (4-N,NKJiethylamino-2-hydroxy-2 , -carboxybenzophenone). 
[0028] No Rhodamines were detected in the keto acid by liquid chromatographic analysis. The yield was 93.5 mol %. 



[0029] The reaction was effected in toluene in place of xylene, after the reaction methanol was added in place of 
xylene to the reaction mixture, and the mixture was cooled gradually to 20°C so that the keto acid crystalized out and 
the crystals were washed with methanol, and otherwise in the same manner as in Example 1 . 

[0030] 913 g of methanol was added to 304.5 g of the crude crystals and heated to 1 13°C under a pressure of 3 
Kg/cm 2 to completely dissolve the crystals therein, and then the mixture was gradually cooled to 20°C. The resultant 
pale yellow crystals were collected by filtration and dried to provide 295.3 g of high purity keto acid (4-N,N-diethylamino- 
2-hydroxy-2'-carboxybenzophenone). 

[0031] No Rhodamines were detected in the keto acid by liquid chromatographic analysis. The yield was 94.3 mol %. 



[0032] 221 g (1.0 mole) of N.N-di-n-butyl-m-aminophenol. 177.7 g (1.2 mole) of phthalic anhydride and 220 ml of 
xylene were placed in a reactor, and stirred for 7 hours at 100°C while allowing the resultant keto acid (4-N.N-di-n- 
butylamino^-hydroxy^'-carboxybenzophenone) to deposit In the reaction mixture and the reaction to proceed in a 
slurry. 

[0033] After the reaction, 220 ml of xylene were added to the reaction mixture, and the mixture was gradually cooled 
to 20°C so that the keto acid crystalized out. The crystals were collected by filtration and washed with 80 ml of xylene 
twice. 

[0034] 320 g of the resultant crude crystals was added to 1 250 g of methanol. The mixture was heated to dissolve the 
crystals in the methanol, and then the mixture was cooled to 20°C gradually to effect recrystallization of the keto acid. 
The resultant crystals were collected by filtration and washed with 100 g of cold methanol twice followed by drying the 
crystals to provide 255 g of high purity keto acid (4-N,N-di-n-butylamino-2-hydroxy-2 , -carboxybenzophenone). 
[0035] No Rhodamines were detected in the keto acid by liquid chromatographic analysis. The yield was 69.0 mol %. 



[0036] The reaction was effected in toluene in place of xylene, and otherwise in the same manner as in Example 4 to 

provide 258 g of high purity keto acid (4-N,N<ii-n-butylamino-2-riydroxy-2 , <arboxybenzophenone). 

[0037] No Rhodamines were detected in the keto acid by liquid chromatographic analysis. The yield was 69.8 mol %. 



[0038] The crystals of keto acid (4-N,N<li-n-butylamino)-2-hydroxy-2 , -caitx)xybenzophenone) obtained in Example 4 
were recrystallized. collected by filtration, and washed with cold methanol. The mother liquor was distilled to recover 
methanol. 

[0039] 220 ml of xylene was added to the distillation bottom containing the keto acid to dissolve the keto acid therein. 
[0040] The resultant solution was added to the same reaction mixture as obtained in Example 1 and then primary 
crystallization was effected, followed by working in the same manner as in Example 1. There were obtained 299 g of 
pale yellow crystals of high purity keto acid (4-N,N-di-n-butylamino-2-hydroxy-2'-carboxybenzophenone). 
[0041] No Rhodamines were detected in the keto acid by liquid chromatographic analysis. The yield was 81 mol % 
based on the N,N-di-n-butyl-m-aminophenol used. 



Example 3 



Example 4 



Example 5 



Example 6 



# 
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Example 7 

[0042] 207 g (1 .0 mole) of N-etriyl-N-isoamylm-aminophenol, 177.6 g (1 .2 mole) of phthaJic anhydride and 300 g of 
diphenyl ether ware placed in a reactor, and stirred for 35 hours at 60°C while allowing the resultant keto acid (4-N-ethyl- 
5 N-isoamylamino-2-hydroxy-2'-carboxybenzophenone) to deposit in the reaction mixture and the reaction to proceed in 
a slurry. 

[0043] The conversion rate of N-ethyl-N-isoamyl-m-aminophenol was 66%: the yield of keto acid (4-N-ethyl-N-iso- 
amylamino-2-hydroxy-2'-carboxybenzophenone) was 65%; and the yield of Rhodamines was 1%. 
[0044] After the reaction, the reaction mixture was cooled to 30°C so that the keto acid crystalised out and the crys- 
10 tals were collected by filtration. 1700 ml of a mixture of methanol/water (75/25 in volume ratio) was added to 230 g of 
the crystals and heated to dissolve the crystals therein. The mixture was the gradually cooled to 20°C to effect recrys- 
tallization and the resultant crystals were collected by filtration. 

[0045] The amount of Rhodamines in the keto acid was found to be not more than 0.1% by liquid chromatographic 
analysis. 

15 

Claims 

1 . A method of producing a keto acid of the general formula (I) 




C00H 



wherein R 1 and R 2 independently represent alkyl of 1 -6 carbons or cycloalkyl of 4-8 carbons, which comprises 
reacting a m-aminophenol of 

30 



R 1 



35 




the general formula wherein R 1 and R 2 are as defined above in relation to formula (I) with phthalic anhydride in the 
presence of an organic solvent, the organic solvent being present in an amount of 0.5-3 parts by weight per one 
40 part by weight of the m-aminophenol with the effect that the resultant keto acid is deposited in the solvent so that 
the reaction is effected in a slurry. 

2. A method according to claim 1 wherein the organic solvent is used in an amount of 0.5-2 parts by weight per part 
by weight of the m-aminophenol. 

45 

3. A method according to claim 1 or 2 wherein the organic solvent is benzene, toluene or xylene. 

4. A method according to any one of claims 1 to 3 wherein the organic solvent is diphenyl ether. 
so 5. A method according to any one of claims 1 to 4 which additionally comprises the steps of 

(a) cooling the reaction mixture to effect primary crystallization to provide crude crystals of the keto acid; 

(b) dissolving the crude crystals in an aliphatic alcohol of 1 -4 carbons, or a mixture of the alcohol with water, or 
a mixture of the alcohol with a hydrocarbon solvent; 

55 (c) effecting secondary crystallization from said alcohol or mixture; 

(d) recovering said alcohol or mixture from the resulting crystallization mother liquor; and 

(e) adding the recovered keto acid from the mother liquor to the reaction mixture for use in the primary crystal- 
lization. 



5 
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6. A method according to claim 5 wherein in step (a) an aliphatic alcohol of 1 -4 carbons is added to the reaction mix- 
ture, and then the primary crystallization is effected. 

7. A method according to claim 5 or 6 wherein the aliphatic alcohol used in step (a) and/or (b) is methanol or butanol. 

8. A method according to any one of claims 5 to 7 wherein the hydrocarbon solvent is an aromatic hydrocarbon of 6- 
1 0 carbons or an aliphatic hydrocarbon of 5-1 0 carbons. 

9. A method according to claim 8 wherein the hydrocarbon solvent is toluene, xylene or hexane. 

10. A method according to any one of claims 5 to 9 wherein in step (b) the crude crystals are dissolved in said alcohol 
or mixture under an elevated pressure. 

11. A method according to any one of the preceding claims wherein the reaction is effected at a temperature of 60 to 
120°C. 

Paterrtanspruche 

1 . Verfahren zur Hersteilung einer Ketosaure der allgemeinen Formel 



COOH 

wobei R 1 und R 2 unabhangig Alkyl mit 1-6 Kohlenstoffatomen oder Cydoalkyl mit 4-8 Kohlenstoffatomen bedeu- 
ten, umfassend die Umsetzung eines m-Aminophenols der allgemeinen Formel 



R l 




wobei R 1 und R 2 wie oben in Bezug auf die Formel (I) def iniert sind, mit Phthalsaureanhydrid in Gegenwart eines 
organischen Losungsmittels, wobei das organische LGsungsmittel in einer Menge von 0,5-3 Gew.-Teilen pro 1 
Gew.-Teil des m-Aminophenols vomanden ist. mit der Wirkung, daB die erhaltene Ketosaure in dem Losungsmittel 
abgeschieden wird, so daB die Reaktion in Aufschlammung durchgefQhrt wird. 

2. Verfahren nach Anspruch 1, wobei das organische Losungsmittel in einer Menge von 0,5-2 Gewichtsteilen pro 
Gewichtsteil des m-Aminophenols verwendet wird. 

3. Verfahren nach Anspruch 1 oder 2, wobei das organische Losungsmittel Benzol, Toluol oder Xylol ist. 

4. Verfahren nach einem der Anspruche 1 bis 3. wobei das organische LGsungsmittel Diphenylether ist. 

5. Verfahren nach einem der Anspruche 1 bis 4, umfassend zusatzlich die foigenden Stufen: 

(a) Kuhlen des Reaktionsgemisches, urn eine primare Kristallisation durchzufuhren zur Bildung von rohen Kri- 
stallen der Ketosaure; 

(b) Losen der rohen Kristalle in einem aliphatischen Alkohol mit 1-4 Kohlenstoffatomen oder einem Gemisch 
des Alkohols mit Wasser oder einem Gemisch des Alkohols mit einem Kohlenwasserstoff-LOsungsmittel; 
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(c) DurchfQhren einer zwerten Kristallisation aus dem Alkohol oder dem Gemisch; 

(d) Gewinnen des Alkohols Oder des Gemisch es von der erhaltenen Kristallisations-Mutterlauge und 

(e) Zugeben der aus der Mutterlauge gewonnenen Ketosaure zu dem Reaktionsgemisch zur Verwendung bei 
der ersten Kristallisation. 

Vertahren nach Anspruch 5. wobei in Stufe (a) ein aliphatischer AJkohol mit 1-4 Kohlenstoffatomen zu dem Reakti- 
onsgemisch zugesetzt wird und dann die erste Kristallisation durchgefuhrt wird. 

7. Verfahren nach Anspruch 5 oder 6, wobei der in Stufe (a) und/oder (b) verwendete Alkohol Methanol oder Butanol 

ist. 

8. Verfahren nach einem der Anspruche 5 bis 7, wobei das Kbhlenwasserstoff-Losungsmittel ein aromatischer Koh- 
is lenwasserstoff mit 6-10 Kohlenstoffatomen oder ein aliphatischer Kohlenwasserstoff mit 5-10 Kohlenstoffatomen 

ist. 

9. Verfahren nach Anspruch 8, wobei das Kbhlenwasserstoff-Losungsmittel Toluol, Xylol oder Hexan ist. 

20 10. Verfahren nach einem der Anspruche 5 bis 9, wobei in Stufe (b) die rohen Kristalle in dem Alkohol oder dem 
Gemisch unter erhGhtem Druck gelost werden. 

11- Verfahren nach einem der vorangehenden Anspruche, wobei die Reaktion bei einer Temperatur von 60 bis 120°C 
durchgefuhrt wird. 
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Revendi cations 

1 . Procecle de production d'un c6toacide repondant a la formule geneYale (I) : 




(I) 
COOH 



dans laquelle R 1 et R 2 represented independamment un groupe aikyle comportant de 1 a 6 atomes de carbone 
ou un groupe cycloalkyle comportant de 4 a 8 atomes de carbone, precede qui comprend la reaction d'un m-ami- 
nophenol de formule gen6rale : 



Rl 
R2-N 

V^S^i — OH 



dans laquelle R 1 et R 2 sont tels que definis precedemment a propos de la formule (0. avec I'anhydride phtalique, 
55 en presence d'un solvant organique qui est present en une quantite de 0,5 a 3 parties en poids pour une partie en 
poids de m-aminophenol, ce qui a pour effet que le cetoacide resultant precipite dans le solvant de sorte que la 
reaction s'effectue dans une suspension epaisse. 
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2. Procede confer me a la revendi cation 1 , dans tequel le solvant organique est utilise en une quantite de 0,5 a 2 par- 
ties en poids par partie en poids de m-aminophenol. 

3. Procede conforme a la revendication 1 ou 2, dans lequel le solvant organique est le benzene, le toluene ou le 
5 xylene. 

4. Procede conforme a Tune quelconque des revindications 1 a 3. dans lequel le solvant organique est I'oxyde de 
diphenyle. 

w 5. Procede conforme a Tune quelconque des revendications 1 a 4, qui comprend en outre les etapes de : 

(a) refroidissement du melange reaction ne I pour effectuer une cristallisation primaire afin d'obtenir des cristaux 
bruts du cetoacide ; 

(b) dissolution des cristaux bruts dans un alcool aliphatique comportant de 1 a 4 atomes de carbone, ou dans 
is un melange de I'alcool et d'eau, ou dans un melange de I'alcool et d'un solvant hydrocarbone ; 

(c) realisation d'une cristallisation secondaire a parti r dudtt alcool ou melange ; 

(d) recuperation dudit alcool ou melange a parti r de la liqueur mere de cristallisation resultant e ; et 

(e) addition du cetoacide recupere, provenant de la liqueur mere, au melange reactionnel destine a §tre utilise 
dans la cristallisation primaire. 

20 

6. Procede conforme a la revendication 5, dans lequel, dans retape (a), on ajoute un alcool aliphatique comportant 
de 1 a 4 atomes de carbone au melange reactionnel, et puis on effectue la cristallisation primaire. 

7. Procede conforme a la revendication 5 ou 6, dans lequel I'alcool aliphatique utilise dans retape (a) et/ou t'etape (b) 
25 est le methanol ou le butanol. 

8. Procede conforme a Tune quelconque des revendications 5 a 7, dans lequel le solvant hydrocarbone est un hydro- 
carbure aromatique comportant de 6 k 1 0 atomes de carbone ou un hydrocarbure aliphatique comportant de 5 a 
1 0 atomes de carbone. 



9. Procede conforme a la revendication 8, dans lequel le solvant hydrocarbone est le toluene, le xylene ou I'hexane. 

10. Procede conforme a Tune quelconque des revendications 5 & 9. dans lequel, dans I'etape (b), on dissout les cris- 
taux bruts dans I edit alcool ou melange sous une pression elevee. 

11. Procede conforme a Tune quelconque des precedentes revendications, dans lequel on effectue la reaction a une 
temperature de 60 a 1 20° C. 
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